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FOREWORD

The wark presents a nunevical descorviption of Littoral
wave wmechanics due to shove-breaking induced by the
presence of submerged longshore gsand barvs, and the sxpected
chavacteristics of veformed waves (l.e., height, reriod and
length) following bhav-hvreaking, should wave rveformation bhe
pozsible. It provides the basic support methodalogy
raquired in the development of a multiple gshore-breaking
wave trangformation model described in gsubrseguent work.

The work dezcribed hevein constitutes partial fulfillment
af contractual obligations with the Federal Coastal Zone
Management Frogram (Coaztal Zone Management Act of {272, asz
amended) through the Florida O0ffice of Coastal Managesment
subiject to provisions of contract CH-37 entitled "Engineering
Support Enhancement Frogram". Under provisions of DNR contract
COORT, thix work war reviewed by the Beaches and Shoves Resowrce
Conter, Ingtitute of Science arnd FPublic Affaive, Floridae ¥tate
Univergity., The document haz been adopted az a Beaches and

c Technical and Design Memorandum in accovdance with
g of Chapter 14833, Flovida ddministrative Code.
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at the time of submission for contractural compliance,
James H. Balgillie was the contract manager and Adeinigtrator
mf the AnalvsigiResearch Section, Hal M. Bean wag Chief of the
Bureau of Coaszstal Data Acauiszition, Debovah E. Flack Divector of
the Divigsion of Beacher and Shores, and Dr. Elton J. Gizsendanner
the Frecutive Directay of the Florida Department of Matural
Resouroes.
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ATTENMUSATION OF WAVE CHARACTERISTICE FOLLQWING £HﬁﬁEmﬁREéKIﬂG
O LOMGEHORE SaND BaARS

biw
James H., Ralsillie

Analvziz Research Section, Bureasu of Coastal Data Acquisgsition,
Divicion of Heaches and Shores, Florida Depaviment of Matural
Rogsources, 3500 Commonweslth Blvd., Tallahagssee, FL 32303

ARETRACT

The asometyy of Littoral profiles may be zimply described by a
transrendentsl power curve funmction (Bruaun, 1954; Dean, 1977,
Mughes and Chiuw, 1978, or by appavently ultimale complexity
dueg to occurvevce of tongshore barvs which canmat be simply
deszcribed. While longshore bars ave produced by waves (watar
tevel rige heing important), they also are instrumental in in-
flugncing post~incident wave chavactevigtics., Available field
and lahoratory data are used to develop a mathematical descrip-
tion of wave transmigsion following longshore bar incidence.
The description assumes the design case where the longshore bar
bedform haz heen produced or 5 being maintained hy the inci-
dent waves which, by definition, must be shove-breaking and in
the plunging—~type category. Have height reformalion following
share-breaking gver longshore bharg is given by:

tanh 175 ————— >
H a T2
r . . -
— om0 24 @

H b

where Hr iz the average reformed wave height, Hb iz the zshovre-
hreaking wave height over the bar crest, and T is the bar-
incident wave period.

The rveformed wave period T, is given bhy:

T, ' Hp

—_— @ tanh 5 cee—

T g T



IHTRODUCTION

l.ongshore barz ave fourd ag charvacteristically pevmsansnt or
seagonal features located in Li%%mrat»zmneﬁ of lakes and ooeans.
They may ocour singly o in a gseriegs and are associated with
gandy beasches and nearshore areaz. A gingle har consists
af a rvidae of sand sepavated from the shoreline by a trough.

A sevier of longshove bavs congists of a nueber of associated
cresty and iroughs. They are defined (U, &, Army, 19277 to bhe
¥ass located at the breaker position and, at least in part, are
graoded out of the bottom by the falling breaker .."%, and they
seem to he related to the height of the laraer breaskevs, though
not necessaritly the highest. Ewvang (1940} and Shepavd ({25323
report that plunging shore-breskers are essential for Longshore
hav formation., Shepard (1259) and Miller (1974} rapovt that
Longshore barg can be destroved by spilling shore breakers,
although in an extenzive field ﬂtud% Hands (19748 obzevved that
rractically all incident waves during the study w@ré af the
spilling variety and that even under such conditionsy a well-
developed system of longshore bharvs pevsisted.

The genevation, physiography, and movemesnt of longshore
bavs have been studied by geographers, geclogists and coastal
engingers for over a century, resulting in a lisgt of publi=-
cations far too long to refer to hevre. Most of the exizting
work is concerned with the formation and behavior of bars rela-
tive to wave and water Lévei chamges .. 1.8.,, the effect of
waves on the structure. However, in this work attention iz
focuzed on the effect that the structure has on the waves,

which by comparizon bas veceived less attention in the litera-—



tuvre.

With the sxception of seiswic sea waves, wind-generated waves
produce the most oritical forcer to which coagtal structures,
natural or manmade, way bhe subjected (U, 5. Avay 19772, MWhen
extreme events gsuch ag storms and hurvicanes impact the coast,
the destructive potential of waves is gignificantly increassed
hecause, praopagating upon the supev-elevated water surface {(i.e.,
storm gurge) accompaning extreme events, the waves impact
coaztal elevations not novmally attained and aveas of the coasst
ot in equilibviam with wave forces.

It ig here suggested that matural Littoral profile shape
may be described in terns of the complexity of the geomelry.

The £implest geametry may he described by a transcendental

pawey curve function (BEruun, 19%4; Dean, 1977; Hughes and Chiu, -
19278y, Dean (1977) demonstrated bkoth theoretically and physi-
cally that the smooth, concave upward, equilibrium nearshore

proafile may bhe given by

o a 203 ..
d d ).ﬂs e X ) ':'.}

where d iz the water depth, % iz the digtance offshore, and

g isg the shape coefficient for a smooth prafile given bhy:

g | — A (7

i which iz the fluid mass density, g iz the acceleration of

*
i
gravity, Edu iz the uniform enevygy disgipation factor, db ig
the water depth at which shove-breaking ocours, and Hb ig the

shore-breaking wave height. OFf the principal design shore-

3



breakser tvpes (f.e., spilling, plunging, and surging waves), the
arlky ftvpe which can gatisty the uniform eneray disgipation
congtvraint, iz the spilling shove-breaker. Hence, whsre at
shore-~bhreaking dbeb = 4,28 {(McCowan, 18%4; Munk, 1949;

Balgillie, 1983a), equation (32} becomes:

273

20(_ “du
3 .15

dg (3}
Fuch a profile shape appears to bhe most vepresentative of
Long-term Littoral proafile geometries.

The most compler vnatural Littoral profile geometry 5
chavacterized by longshore bav bed form perturbations (profile
geonetrics such az gtep profiles are intermediate betwsen the
extremesy. Ho tractable mathematical degcription has been
deve laped for such profiles, although Figﬁra 1 illustrates
that wheve har crest end bar traugh depths are considered, the
power curve function appeavs to provide successtul description,
In terms of wave activity, barved nearshove profiles differ
gignificantly from smooth pouwesr curvve profiles since they ave:
i. associated with plunging shore-breakerg, and 2. character-
fzed by wave reformation.

I tevms of the destructive potential of waves, studies
have shown that nat only do breaking and brolken waves resuld
in Lavger impact preszures than less deformed waves in deeper
water, but differ in magnitude depending on the shore-hreaker
twpe, increasing from surging o swpilling to plunging (Miller

et al. 1974a, 19%4b; HMillev, 19760,
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Figure 1. Illustration of power curve fits to longshore bar crests and
troughs for multi-barred profiles (_dbc is the water depth over the bar
crest, dbt is the water depth over the bar trough). Numbers for the data
of Hands (1976) refer to averages for each survey.



Mave veformation following initial shove-breaking mav

bathyvmetvic conditions. Inm an

—

aoour under certain Littaora
@$t9ﬁ§iu@ Laboratory ivwestigation of wave hehavior on fixed
Linear heds, Mabkawmura, Shiviagshi, and fazaki (198&a) report

that where the bed slope iz less Than about 9.02 to 9.03, wave
reformation shoreward of shove-brealking ig likelv., If in fact,
the slope of the lLinear segment conmnecting the longshore har
crest and the shoveline iz used ar a measwre, the criterion
amp@afg to be apprvopriate (Figure 2. Congideving, in addition,
a similar line to the bar trough to provide further guidance, a
Limiting slope tan o , mavy be eapivically proposed (in 3. I,

urtits) accovding to:

, wave reformation may goour,
tanag® {4)

> 0,827 e . no wave refarmation.

where dbc ig the water depth over the bhar crest.

Tn wiew of the differences in hehavior of wave activity
for the eztrvemss of profile tvpes, it appears that the effect
rarved Littaoral profiles on wave activity vrequivres quantifica~
tion iF such activity is to be vespongibly accounted for in
coastal enginesring assegssments. Following extensive review
of the available Literature, a zet of mathematical descyip-
tiong are herein developed to describe wave ltransmizsion
following shore~hreaking over Longshore barvs. Farameters

include the wave height, peviod and lLength.
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Figure 2. Illustration of the 1ikely slope on which wave refermation will occur following initial shore-
breaking, using longshore bar crest and trough data as a guide (d is the water depth over the bar crest or

trough, tan a is the slope of the line connecting the measured depth and the shoreline, and the plotted
equation is evaluated in S. I. units).



FREVIOUS WORK

The effect that longzhore bhars have on attenuvating wave
activity hag received constdevable attention in the published
Literature., It is not suprvizing, therefore, that following
nature’'s lead, congidervation has also heen fooused on less
mebile submevged bharviers that can be dezsigned to reduce the
destructive potential of anticipated nearshore wave activity.

Fyior ta any definitive information on the effect of
submevaged bavriers to veducs wave activity, it s understand-
abhle that prognostications were made uging available theory.
Farly theovretical ztudies have been published by Jeffrevs
(1744 for zubeevged vectangular bavrviers; Dean {(1745%), Ursgell
(4947 and John {(1248) for submerged plane vertical barvriers;
Lamb £1924%) for a step-tvpe profile; and Heins (1939) for
submerged plane hovizontal bavviers {(see Johnson, Fuchs, and
Mavigon, 1951, for a move detailed digcugsiony.

In the interim, however, somewhat move definitive infor-
mation hagz bhecome available. MNevertheless, because of the
difficulty in collecting field data at the time of longshore
ar farmation, most field accounts ave descriptive. Laboratory
investigations have been conducted which attempt to replicate
the effect of naturally barrved nearshores. Other labovatory
studies arve concerved with fixed, immobile submevged bavvievs
ar a degign alternative 1o protect the coast. The review of
previocusy wark i, therefore, congidered sepavately in tevrmszs of

fimld investigations and labovatory studies.



Field Studiss

Bvrne (194%9) reports two sets of field ohservations of
waves passing over a barved neaveshore on Lape Cod.  While the
waves did not zhove-break on the barv, they were affected
hv the shoaling bathvmetey of the har {(i.e., they peak-up as
if to ghore-break), and the number of waves zhorewasvd of the bar
wae double the number incident to the bar. He veportys that
aftey the wave crest passer the bav crest, the first part of
the following trough becomes depressed over the shoreward flank
af the bhar rvesulting in secondary avavity wave crest formation.

Wood <1972, 1971 conducted field monitoring studies on
Lake Michigan in which nine wave gaves were placed acvoss the
Pittoral zome. For the Longshore bar investigation, four wave
gages wevre located on the stoss slope of the har, and five
gages between the bar creszt and shoreline. Over 490 consecu-
tiwve waves were measured, with the dominant bhreaker type being
spitling. The bary crest was located 0.% m below the gtill
water level (SHLY, and the bar trough 1.2 m below the JUWl..

Suhavda and Robertzs (19277) present a relationghip betwsen
vreformed and incident waves breabing over fringing coral vreefs:

Hy ~0.4 do /H;
1.0 - 9.8 & (%)

Hy

where M, iz the reformed wave height, Hi iz the incident wave
height near breaking, and dc ig the water depth over the bay-
vier grest., Thev alzo rvepoart that the average wave peviad

Landward of the reefs "... % smaller by about B8¥ to 5% than

hie wave period offzshore ... " of the resefs.

Xz}



Keady and Loleman (1989) inspected vertical sevial photo-
graphy from Morth Carolina and novthern California which depict
ghur@whraakiﬁg pver nearshovre sand baves. They veport the
ratic of the veformed wave Llength to the wave Llength wneay bar-—-

hreaking, Lr!L to vange from .92 ta 9.5 with estimated

i &4
values of the ratio of the reformed to incident wave height,

Hy #H;

i ravging from 9.25 fto 8.5,

Dette (1988) recovds bathvmetric, wave height and period
conditions during a 1978 storm which struck the Kiel Bight
coaast on the Raltic fea. & multi-barved profile and wave
height attenvation following bav-brealking are vepovied.

Carter and Balgillie (128X veport on wave energy atten-
uation aver nearshore gand barg at logalities in Florida and
Morthern Irveland., The data are rvreported as shore-breaker
heights, from which it is suggested (assuming wave sneray to

e dirvectly proportionsl to the sguvare of the wave heighty:

Hbr “ LY = PR ATIE A E:bi

Cant
T
~

Hpr “bi

where Hy, is the incident shore-breaker height over Tthe bar,
bi

Ly

Hpe 1% the rveformed height &t secondary shove-breaking, ”bi‘i
the width of the incident breaker zone, and oy s the wave

spead at incident bar-bhreaking.

Labovatory Studies

The firgt labovatory ztudy known to the asuthor was cone
ducted by Stucky and Bonmard (1937, 1938) to test the antici~
pated construction of a submnevrged breakwater at Oporto,

Fovtugal . Fesults of their work (19 s:zpervimental values)

10



are dizcuzsed by Hall (1939, appendixz II).

The firvst detailed study on the zsubject was conducted by
HMall (193%) for three zubmevrged bhavvier configurations (Figure
Faesults for &4 experimental vung are reporvted, providing
height, parimd‘aﬁd tength of the undeformed incident waves,
and the height and length af the refovmed waves. He discusses
the effect that submerged bavriers have on attenuvating wave
height, and veports the wave length to remain conserved.

Hazon and Keulegan (1944 investigated the effect of a
step-tvpe profile on wave transmission for military landing
craftt operations. They found that:

< 1,0, multiple wave crests will

3.5 gt form shoreward of the
step

o b

{7)

=

i

> 9.0, multiple wave crests will

form shareward of the step.

whaere Hy and Ly ave the deep water wave heiaht and length,
respectively. Their data show that 5hmr&~br@akinq nead ot
necesrarily ocour for multiple wave crest formation. Equation
{7y wmar Furthey verified by Horikawa and Wiegel {(1939). The
results of HMaron and K@ulmgaﬁ'primmriiy deal with wave length
attenuation. The author hags fitted an equation to their data

CED pypevinental results) to vield:

—_—m tanh 4.3 — {80

Fatnam (194%) vepovts results for three incident wave

-t
e

»

Y]

St
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Sutherland, Sharma &
Shemdin (1976)

JB8

Figure 3. General types of fixed laboratory profile configurations
considered in the present study.



conditions over & step profile. These data ave particularly
valuahle since the continucus seasurement of the transforming
waves not only provides undeformed incident and veformed wave
charvacteristics, butl also wave chavacteristics at the shore-
breaking pogition.

Marison (1949) conducted a servier of experiments for rec—
tangular submerged harviers on horizontal and gsloping beds.

Me veports that wave height transmission is a function of
barvier height and width, and incident wave steepness. The
study iz pafficuLarLy inportant since phatographs are present-
egd which clearly identify the bhreaker tvpe where breaking
pocourred over the havviers.

The first af%emptvaf comprehensive review of submerged
harviers and effect on wave height transmission iz presented
by.Jmhnson, Fuchs, and Morison (19513, formally presenting the
wark of Morigson (194%9). Wave height transmission iy veported
to he dependent on the ztvucture height and barvier width vela-
tive to incident wave conditions. For zhallow water they
sugaest:

0.5
He . hbc

(%)
H; d

where hbc ix the harvier height and d is the water depth mea-

suvred at the seaward toe af the structures. Eaguation (9%) ig

.2

applicable whers dbcf(g Ty < B.0045% on a step profile. Egqua-

tion (%) failz, however, whers he Ad = 1.8 (i.e., the barvier
be

crest iz coincident with the water zurface) for which Heri = ),

a carndition knoun to bhe untrue. Unfoartunately, Johnsaon, Fuchs,



and Movizon did not present any of theiv data in other than
dimensionlezy terms.

Diephuisz (1937 investigated wave height and pericd atten—
vation following incidence on & Tixed bar-tvpe feature, includ-
frig several cases wherse the shore-breaker ftvpe can be deter-
mivned., Unfortunately, the magnitude of hiz wave charscterig—
tics wereg in the range where swurface tenzion and viscous
gffects Turther accentuated attenuation af the reformed height
and periad.

In an investigation on shore-hveaking on fied, linear
slopes, Makamura, Shiviazhi and fagaki (1948a) found that where
the slope, tan Qp .+ Was iéﬁg than about 9.02 to 0.93, wave vreform-
mation mmﬁhd goour Tollowing initial shore-breaking., The
author hag fitted equations to their data to yvield the fol-

lowing relationships:

4

xp = 24,1 Hg (19)

whevre x, s the distence to wave rveformation following initial
ghorae-~hreaking,

9. 44
Tr . % .
tanh 100 — (112

T Lo

1
11

where T is the incident wave peviod, T, is the veformed wave
period and db g the water depth at shore-brealking, and:
.29

b d

—_— = tanh 199 e U DY

i
Lb Lo
where Lb ig the wave length at shore-~breaking. Equations {11)

14



and €12) are for a Linear bed stope of tan o = B.018.,
Makamura, Shiviashi and Fazaki (1986b) alzo investigated
wave transmiszion over Ffizged vectangulay barviers on a hovi-
rantal bhed. They found that the vatiao of the reforsed to in-
cident undeformed wave height, He/H;, depends on the ratio of
the b&rtier width to the incident wave length, tchi, and to
the ratio of water depth over the havvier oregt to the inci-

dent wave heiaht, d.H

¢ i The author hag fitted equations to

their data to vield the following:

H, Sy tanh @y dgH;
— @1 =] {13

whevre:

- 082 l‘C f'Li
2,312 @ {947

i

@,
and

@, = .18 + 1.087 lg/l s

B, = 0.47T - {uss—s tanh (2.4 I.c;’Li}} | (14)

T ul (17
r .
: tanh 9.3 -Ei

0,45
dbt

tanh 9075 e—— (182

I

o} |"0

where dbtig the water depth just landwavd of the barrvier crest.

15



Dick (1268) found that wheve waves break on a submerged
breakuwster, the pevied of the veformed wave war the same
ag the incident perviod, although other reformed crests of
lesser height and of higher Ffrequencies were guperimpozed on
the fundamental reformed wave.

MeMair amd Sorvenson (1979) inwestigated wave transforma-
tion of regulary waves incident to & typical fTixed hav geometry,
which they descyibe as chavacterigtically having & gently
gloping stogs fFlank, rounded crest and zteep lee zlope. FRe~-
sults of 3% egyperiments are reported where the incident waves
are velatively undeformed. Upon reformation following bhar-
incidence, the waves are repmrféd to be ivregular, introducing
complicationsg Tﬁaf raquived special congidevationg to deternine
the veformed wave heights. It iﬁ_reparfed that, in general,
the wave peviod did not change following har-breakivg, although
i all reformed waves & secondary energy peak occuvrved that was
congiztently twice the frequency of that azsociated with the
incident wave. They conclude that H /My is d@@@nd@n% Py imar by
o the incident wave height and the water depth aover the bar
craest.,

Sawaragi and lTwata {(1974) inveztigated zshore~
byeaking on a step profile, including wave height atternuation
and wvarious post-ghove brealking milestone measures. Equationsz

Fittaed to theiv dats hy the author are:
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whare xpq 15 the digtance from shore-breaking to the point
where the plunging vortexr (i.e., curl of the plunging ghovre-
breaker) touches down onto the water surface fronting the
breaking crest, %y, is the digtance from shove-breaking to the
paint where the plunging vortex reaches the hed, g iz the
gplash distance and xg 15 the distance wheve air bubbles dig-
appear from the water column.

Suthertand, Shavma, and Fhemdin (1974 modeled a tvpical
Flovida wmast coast profile to investigats runup ooourring
where waves Tivset sncounter a longshors bav. Wave height
raduction following bay incidence i vepovied.

Batties and Jansgevn (1978 illustrate two examples of
waves paszing over a bav-—tvpe profile, and the resultant wave
height reduction.

Kaady and Coleman (19289 invesztigated the affect of a
trapezoidal zubmerged barvier {on & horizontal bed: on atten-

uating the wave height., Their gstudy was Limited to waves which

hrav-hrake az plunging shore-~breaskers, and suggest:
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Equation {23) gsuffers, howsver, from a similav problem facing
gauation {2 ... when dg = 0, the value of He My vepresents a
non-real valug. They also veport that a greater numbher of re-
formed wave crests are produced as the value of dg is decreased,
and as dy incresses the reformed wave appearys az two crests.

For the latter cagse, one of the cresty hecones higher than the
agther, and changes pasition on the fundamental wave fore as the

Wave pyaayesges.,

SOLITONS AND SHOALIMG-THNDUCED WAVE DIZPERSTON

Undery certain conditiony a shoaling wave can decompose in— .
to a train of waves {(i.e., multiple crest production) without
the wave firgt hreaking. Galvin (1970 studied wavers generat-
ed in a uniform depth of water where the waves were shoaling
Ciee., d5H 2 1015 and dAL = 2.0234).,  He found that the wave
hfmk@ down into gseveral waves called solitons., The game re-
sult can apparently be produced over a gstep profile. The
train of wavey produced are chavacterized by a highest first
formed crest followed by cregts of decreasing height, and if
gabitons can propagate a sufficient distance the orests can re-—
combine and sgain geparate into zolitons., Other studies on the
phenomenon (CamTisld, 1989) ave reported by Horikaws and Wiegsl
(1959 Benjamin and Feivr (192467; Stveet, Burgess and Whitford
{1968 ; Madgen and Meil (1949); Zabusky and Galwin (9197%1y; Chand~-

ler and Sorensen (1272); and Hammaclk and Seaur (1974).

i
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Bwrne (196%) noted secondary wave crest formation follow-
ing Longgshore bar incidence in the field, in which hreaking did
not fivet coour. Some studier have suggested that the ohserva-
tion exemplifies soliton formation., Equation (7, developed by
Mason and Keulegan (1944, ig one megasure that can be used {(sfee
digcussion of Camfigld, 19829 to determine when multiple crest
formation can cccur, and does not necessavily vepresent con~-
ditions where gshorve-breaking occurs. Hence, it ig apparent
that thvee classes of conditions ococur when waves encounter a
longshore bav: 1. shoaling water depths are great encough that
the waves ave not affected, 7. water depths are in the range
wheve the waves do not shove-bhreak, but do dizperse, and 2.
water depths are Limiting and EhareWhraakiﬂé results. - It is
this latter case, viewed az & design condition in Littaoral

processes, that defines the focus of attention in thiszs paper.

THE LONGEHORE TaAND HAR

Tt iy apparvent from the preceding sections that transfor-
mation of wave characteriztics following submerged bavrier
incidence s dependent on many factors. Principal factors are
the waterv depth aver the harvvier crest, dbc’ karvier height
measured at the zeaward tos of the harvier, hbc’ bavrigr crest
length, Lbc’ bavrrier stoss slope, tan dbs’ water depth Land-
ward of the barvier crest, dbt' ard incident wave chavacteris~
tics H, L, T, with combinations thevreaf, such agz the wave
steepness. However, in this paper only natural longshore bars
composed of gand-zized gsediment are conzidered, and conditions
may he gimplified.

Matural longshove szand barsg arve produced by shore-bhreaking



waves of the plunging tyvpe, and water depth Llimitaticons can he
identified. The ratic of water depth to shore-breaker height
deHbJ harg been found (Ralzillig, 178%a) to be accurately

represented hy:
2 = .28 (24)

illugtrated in Figure 4. Equation (24) does wot, in all proba-
Bility, veprezent the water depth over the har crest apeyx.
Rather, the average breaking position undouhtably liez zome
distance seaward of the crest apex, over the stoss slope.

Field measurements of shore-hreaking wave a&fivi&y for zingle
wave traing and azsociated %urf rong widths ware obtained by
Balsillie and Carter (1980) and suggest (Figqureg 5) that the

suvf zove widih, Wy, May he given hy:

P
3
L
N

HA
.‘b
l i O!b

Additionally, Balgillie and Carter (1984 found that for a
shore-breaking wave train the average shove~-breaker height
and the standard deviation, gb, assgociated with the average

cant he related accarding o

[y
5
- = 0.2 €243

illustrated in Figure &. Grzuming that 22 ¥p represents the
distribution of shore-breaker heights for a wawve traivn, then

from equations (24 and (283
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o LABORATORY DATA

FIELD DATA

+ Gaillard (1904)

a Scripps (1945), Leica Type I
v Scripps (1945), Leica Type II
x Scripps (1945), Spec. Meas.

o Balsillie and Carter (1980)

10

Figure 4. Relationship between the water depth at shore-breaking, db, and the
average shore-breaking wave height, Hb (from Balsillie, in manuscript; Scripps
data reported by Munk, 1949). '
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Figure 5. Relationship between the width of the shore-breaking zone, Wy 5 and
the average shore-breaking wave height, Hb’ and bed slope tan oy
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Figure 6. Relationship between the average shore-breaking wave height, Hb, and the standard

deviation of the average height, Sy, » for single shore-breaking wave trains (from Balsillie and
Carter, in manuscript).



1,28 [(Hb + 942 Hb} = {Hp ~ ©.42 Hb)]

tan ay

L

2

-
-

Hb

tan @y

which is in agreesement with equation (298).

Bruun (1%2&3) rveports that many waves "... seem to slip
ey the harv unbroken or without making a complete hreak J.o.",
arnd tThat "duving the peak of stovm wave activity, it appears
that 20 per cent of all waves break.” MHe assumed that the
depth over the bhar crezt iz approximately equal to 9.8 Hbs’
whers Hbs ig the stgnificant shore-hreaker height. Where at
shore-hreaking Hbs wm f 23 Hb, iiiugtraT@a in Figure 7 (from
EatgiL£}$ and Carter, 1984), then:

dbc

— oz B {28

!"l b

fessuming that 50X of the waves from a single wave tvain gens-—-
vating a longshaove bavy shoare-break over the crest ars plungsars,

the covvesponding breaker zoneg width over the bar ocrest, Whe*

hecomes from equation (25 6.5 Hb tan absa The avevrage point
aof zhore~breaking ig therefore located a distance of 9.25 Whe

geaward of the crest apex. Hence, uzing equation (243

fhe

= L0383 (293

I"[ b

which ig clogse to equation (28, These several lines of res—

soving suggest, then, that the depth of water over the long-

04
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Figure 7. Relationship between statistical wave height measures, be, and
the average wave height, Hb’ for single shore-breaking wave trains; Hb rms »is
the root-mean-square shore-breaker height, Hbs is the significant shore-
breaker height, and HblO is the average of the highest 10% of shore-breaker
heights (from Balsillie and Carter, in manuscript).
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Table 1.

Relationship between the water depth over the longshore
bar crest and the bar trough just shoreward of the crest.

d

I. D. Locations/Conditions n HEE
bc
FIELD DATA
Lehman (1884)* Pomeranian Coast 4 1.61
Otto (1911)* Pomeranian Coast 5 1.76
Hartnack (1924)* Pomeranian Coast 2 1.82
Evans {1940) Lake Michigan 43 1.45
Shepard (1950) Scripps Pier 276 1.23
‘ ‘California 66 1.63
Oregon and Washington 38 1.93
West Coast U. S. (other) 116 1.83
Cape Cod, Mass. 62 1.47
Hands (1977) Lake Michigan 162 1.50
Herbich (1978) Texas 27 1.37
Present Study Florida '

Lower East Coast (1975) 49 1.64
Panhandle Coast (1973) 43  1.93
Panhandle Coast (1981) 85 1.66
Lower Gulf Coast (1973) 45 1.53
Field Total and Weighted Average 11023 1.50

LABORATORY DATA
Keulegan (1948)1 Initial Slope: 0.0667 16 1.17
; 0.0333 15 1.72
0.0200 5 1.60
0.0143 9 1.69
Scott (1954) 4 1.89
Laboratory Total and Weighted Average 49 1.73

* Reported by Keulegan (1948).



then:

9pt bt

dp Hy,

Twe additional Longshore bhar meazsuves arve of szpecisl con~
cerv.  These are the length of the bhar lee zlope, xét, meEasured
froam the bar crest landward to its companion bar trough, and
where a multi-barred nearshove occurs the Longshore bay spac~

ing, A megsured from bar crest to bar crest. Significantly

becs !

’

lavge zamplery of fileld méaﬂurﬁm@n%ﬂ reported by BEvang (19490
and Mandgs (1974 for multi-bavred neavshoves along the gagstern
shore of Lake Michigan are plotted in Figures 8 and 9. HWhile
the Longshore barvs were appavently not formed at the time that
field measurements were made, sufficient data are repoarited to
pravide averages theveby reducing the effects of zecondary
sedimant redistribution due to other modifving influences.

The squationy ave:

= 42 d) = 7O df

be be

o™
(a4
£ad
Tt

4
“bes

where déc and dgc ave defined in Figqure 9, and
= f4.4 d (%4}
be *

Thevrefore, it is poagsgible to predict the principal phy-
giographic features of longshove gand harsg in tevrms of incident

shove~hreaking wave chavactervistics.

-
53]
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Figure 8. Relationship between the water depth over the bar crest, dbé’

and the bar crest spacing, Xpes 2 for multi-barred profiles (data from
Evans, 1940; and Hands, 1976).
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Figure 9. Relationship between the water depth over the
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of the crest, xt'Jt (data from Hands, 1976, points represent
averages as indicated in Figure 8).



WavE HEIGHT ATTENUATION

Existing acoounts suguest that the relative height of the
raformed wave following initial shaoave-breaking primarily de-
pends on the ratio of the water depth over the submerged
structure to a meagure of the incident wave height dg/Hy
{@.g., Makamurs, Shiviasgshi and Sazaki, 19&4b; HMcMaiv and
Jorensen, 1970;: Subhavda and Reberts, 1977; avgd Keady and
Coleman, 1786). Howsver, in the preceding section it has heen
sugaested that for natural longshore bars the ratio dbcbe has
an average value of unity, wheve Hb iz the shove-bhreaking wave
heiabt producing or in near equilibrium with the bed form.
When applied to exiszting relationships, consistency resulis.
Fovr example, the relationship of Suhavda and Robevts, given
by esquation (3) results in H /Hp = 0.346. The velationship
developed from the data of Nakamura, Shiviashi and Sasaki,
given by equation (13), rvesults in Hp Hp = 0.54 {assuming
e/l = LCELb: @.17%3, where from the preceding section and
incorporating equation (32, | 2 5.5 Wy = L0 IR 7“Vg Hp » and

from HBalgsillie ({1984) Lb = T

Y. The relationship of
Keady and Coleman, given by equation 423) rezults in
HeAMy = 9.58; and the reltationship aof Johnson, Fuchs and
r i ;
Morvizon vields M AH: = 0.5% {agsuming from the averaged fTield
r i

9 L

data of Handsg, 1974, figure 29, that hbc ~ 1,37 B where R is

the bhavr velief with B = 4.% d , o and d=nh + Huts These vaela-
be be b

tionships result in an average value of Hp/Hy = M /Hp = 0.39

Further study shouws, however, Tthat additional factorvs affect

wave height ftransmisgsion, which can he ijdentified to further

rafine the predictive velationship a5 it applies to



natural lLongshore bavs.

If ang discounts fipe introduced eaviier, gince itz aval~
puation ig not applicable for wnatural littoral conditions and
because 1 can gagsily bhe expressed in other terms, then T, Hb,
lp: dpg: tan g s dpy and M¢ are the principal factors on
which He/Hp should be dependent. Furthermore, the average
grain size of sediment, M¢, may be elininated since we are
dealing with gand, the value of dbc!Hb iz clogse to unity, the
value mf'dbcfdbt iz approximately 1.6, and the magnitude of
tTan Tpe must he sufficisnt to produce the wave tvpe neceszary
For longshore barv formation and maintenance. The vemaining
factors, then, are T, Hb and Lbﬁ The most bagic remaining
pavameter iz, therefare, the wave steepness Hbbe, ar eguiva—
Lent wave zteepness Hbf(g Tz};

fr noted earlier, for various veasong, few field data are
avallable to quantify the effect that longgshore bavs have on
tranzforming incident waves. Thereforg, while all availahle
field data are used in this investigation, the data are
avgmented by availahle laboratory vesults which appear
o apprvozimate conditions exhibited by natural longshore
bars. Harsed on considerations set forth gavlier, laboratory
data selected were required to meet the following conditions:
1. incident waves shore-hreak on the bharvier orest ov barrier
gtvoss slope, 2. 0.4 £ dbcbe € 4.4 {except where plunging-
tvpe hreakers were known to ooccwr over the barvier crest), and
E. v assuming the waves shove-breal as plungevs, the touch-douwn
point way always landward of the barvier crest apex. A&ll con-
ditions were tested numerically wherve photographic evidence was

Y

el AL



Tablé 2. Field and laboratory data for wave height transmission over bar-type

submerged barriers.

d H H s d
I. D e r B tane. Z4 bt
g o> o
o
FIELD DATA -- all natural, sandy beaches.

Wood (1970,1971) 1.250 0.45 0.00349 0.0556 Sp 2.400
Dette (1980) storm waves -—- 0.55 0.00567 0.012 Sp** -—
Balsillie and Carter (1980) 1.505 0.451 0.00108 0.0011 Sp/Pil 6.471
1.072 0.288 0.00170 0.0017 Sp 1.979
1.026 0.360 0.00222 0.0508 Sp 1.233

1.101 0.229 0.00193 0.0968 Sp/P1 1.491
1.344 0.284 (0.00055 0.0375 P1 2.042

1.143 0.850 0.00990 --- Sp ---

LABORATORY DATA -- all fixed beds.

Hall (1939) 0.689* 0.3%0 0.00110 0.6667 Su** 11.000
0.981* 0.356 0.00183 " Su** 6.000

0.771* 0.470 0.00399 " P1** 6.000°

0.801* 0.740 0.00758 ! P1** 6.000

1.197* 0.245 0.00190 ! Su** 4.333

1.252* 0.537 0.00396 ! P1** 4,333

1.117* 0.816 0.00815 ! P1** 4.333

1.275% 0.433 0.00648 ! P1** 3.000

0.926* 0.423 0.00208 ! Sux* 6.000

0.825* 0.437 0.00382 . Pl** 6.000

0.693* 0.598 0.00796 ! pi** 6.000

1.069* 0.392 0.00453 . " pP1** 4,333

1.044* 0.641 0.00844 " Pix* 4.333

1.128* 0.361 0.00165 ! Sux* 6.000

0.665* 0.308 0.00497 8 pl** 6.000

0.748* (0.551 0.00481 ! P1** 6.000

1.236* 0.445 0.00465 " P1** 4,333

1.364* 0.770 0.00646 " P1** 4.333

1.389* 0.424 0.00554 ! P1** 3.000

0.694* (0.504 0.00465 " P1** 6.000

1.012* 0.414 0.00467 ! Su** 4.333

- 1.126* 0.780 0.00783 ! PT** 4.333
Mason and Keulegan (1944) 1.579 0.223 0.00023 Step -—— 1.000
Putnam (1945) 1.153 0.558 0.00551 0.425 Pl 1.000
1.177 0.502 0.00426 " P1 1.000

1.119 0.385 0.00227 ! P1 1.000



Table 2. (cont.)

d H H o
1. D “B‘C‘ T —2> tan oy FS %ot
b b gT S+ dbc
Morison (1949) 1.459* (0.750 0.01560 Ste P1 2.665
1.490* 0.663 0.01560 " P1 1.5898
0.726* 0.548 0.01560 " P1 5.344
0.752* 0.471 0.01560 " P1 5.166
1.130* 0.725 0.00597 " P1 2.754
1.130* 0.629 0.00597 " P1 2.754
1.155* 0.643 0.00597 " P1 2.294
0.600* 0.500 0.00597 " P1 5.294
0.602* 0.488 0.00597 " P1 5.166
0.905* 0.692 0.01153 " P1 5.347
0.927* 0.619 0.01153 " P1 5.166
0.817* 0.562 0.00756 " P1 2.431
McNair and Sorensen (1970) 0.875* 0.297 0.00294 0.1000 P1** 7.000
0.784* (0.389 0.00206 " Su** 4.000
0.870* 0.458 0.00214 " Su** 4.000
0.812* 0.379 0.00387 " p1** 4.000
0.942* 0.468 0.00451 " P+ 4.000.
1.093* 0.510 0.00585 " p1** 4.000
0.941*%. 0.483 0.00633 ! Pl1** 4.000
0.947* 0.518 0.01009 " p1** 4.000
1.142* 0.605 (0.00711 " P+ 2.800
1.088* 0.58%9 0.00500 ! Pl** 2.800
0.775% 0.375 0.00452 " P1** 2.800
Sutherland, Sharma and 1.171* 0.389 0.00427 0.1038 P1** 2.000
Shemdin (1976) 0.801* 0.571 0.00624 " pl** 2.000
1.096* 0.535 0.00532 " p1** 1.667
Battjes and Janssen (1978) 0.84 0.43 0.00410 0.0500 P1** 1.917
Keady and Coleman (1980) 0.952* 0.483 0.00627 0.1493 P} 3.000
0.783* 0.475 0.00529 " P1 3.000
1.169* 0.649 0.01197 " P1 2.333
1.051* 0.624 (.00851 " P1 2.333
1.082* 0.642 0.00575 " P1 2.333
1.027* 0.575 0.00403 " P1 3.000
1.354* (.758 0.00813 " P1 2.000

*
Breaker heights predicted (see text); ** Shore-breaker type predicted using
method of Battjes (see text).



not available. The accepltable dats asrve lizted in Table 2, and
represent about 49% of the available laboratory results for

submerged bavviar

i

Exprezsion of wave height transmission iz limited to the
shovre-breaking wave height, Hy aoouring gver the barvier, and
the refovrmed wave height, M. The Hb meazure is ured rvather
than My the incident wave height representing the stable coast~
ing wave traveling over the constant depth portion of the
Labovatory chanmel neay the structure toe. It iz known that

waves peak during  the shove-breaking proceszsz on gshoaling

glopes and that Hb iz often significantly greater in valueg
than Hi {(Balgillie 1988, 1983h). The peaking mechanism is
itlustrated in Figure 19, where the wave undergoes height
attenuation ascrosgs the shoaling slope until, just before

shore~bhreaking, the wave suddenly peaks up {(termed alpha wave

peaking, denolted as ap)* The process itz non-Linear. Further,
it ity the shore-breaking wave type that s ultimalely respon-
gible for producing longshovre bavs. Thevefovre, it i submitted
that Hy iz a poovy wave height measure to use in assessing

wave trangsmission over subhmerged bhavriers. For thisg reazon,
wheres Hb valuer are noat repoarted, Hb iz detevrmined uging the
fallowing rmiafﬁmﬁﬂhi#t

Hb Pﬂ

A P

m o f.0e- B4 In tanh [100 —— R

Hj g T

developed by Halgillie {(1283bh) and illustrated in Figure $1.

The data of Table 2 ave plotted inv Figure 12. Howewver,

hefaore the form of the equation repregsenting the datea can be
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Figure 10. Illustration of the alpha wave peaking process during shore-breaking, denoted as o
where H, is the wave height in the constant depth portion of the wave channel, and H; is the wave
height at the initiation of alpha wave peaking (from Balsillie, in manuscript).
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Figure 12. Relati ve reformed wave height, H /Hb” versus the equivalent shore-breaking wave steepness
parameter, b/(g T ) where H is the reformed wave height, Hb is the shore-breaking wave height occurring
over the barrier crest and T 1s the barrier-incident wave period.



deternined, some guidance conterning lower and upper Limitg iz
requived. Concerning the lower limit, the quégTion ariges if
the syuation paszsey thvough the origin of the plat or inter-
gecty the ordinate at some pogitive value? Firgt, it is to be
reconciled that He/Horepresents a real solution, and that Hy
cannot goe to rero since the value of HerbwmuLd e
non-gensical, even if Hy goes to zevo (which it wouldd.
Second, it ig possible for T to be large, therehy producing a
gsmall value of Hy/ig Tzhﬁ o fact, if one is dealing with
Solitary waves, Hbfig T2> would essentially be zero and a
pagitive y-intercept value would result. Visual inspection

af the data of Figure 12 suggests that where Hb/(g TZ) = 3,
HpHp would have a value somewhere in the range of frow

8.2 to 0.3, Hence, a transcendental power curve function is
eliminated ag a form Qf the representing equation.

A upper Limit absissca value mavy be estimated for forced
wave conditionsg. Michell (18%3%) found that the limiting ori-
terion for the stability of waves in deep water iz given by
= /7. Where from Aivy wave theory L, = g T2f€2 T,

o
T2) o @ H22T. Maoting that Ho ani Hb are seldom

(HofLo)max
Thaen Hy lg
gauivalent and that for plunging shore-breakers Hb could very
well he qfeafer than My, then where on the averaqe Hp = 1.3 Hy
(Balgillie, 1989, assuming Hg = M), the rvatio may bhe given asg
Hb!(g Tz} = BL,91F5.  Apglving therse values az guidelines to the
data of Figure 12, appeavs to identify the upper limit of values
for the abrissca. Visual inspection of the dats suguests

that the wvalue of He/Hp may asvaptote at about 0.7 for about

2

@.814 < Hy (g T < 0,016,

-
i,

Py
LA



The eauation fitted to the data iz of the ftranscern~-

dental exponential form vielding:

H
b
tanh 175

2
H, g 1

— = D26 e (34D
Hp
Equation (3é6) is fitted primarily to those datas where the
plunging shore-breaker type was known o occour.

To zome extent, the labovatory rvesults of Hovigson (1949
determineg where the degsign curve asvaptotes. His resullts for
igh wave steepness valuss, affecting the equation, ococur for

2

twe values, at Hbﬁig TSy = D.0441%%, and Ffor four valuessg at

Hp/ (g T2

yo= 2,.818%48,  In large part, Morison's rvesulltsz for high
wave steepness values rveflect the influence of havrrier width,
hut do not represent the effects of a bav stoszs slope. It is
poggible that the asvmpolic value is zomewhat different than
shown and Turther research appears warvented. Even zo, equa-—

tiorn (3483 appears to provide a subztantial refinsment v the

destan solution for lonashore bavse.

WAVE PERIOD ATTEMUATION

It g generally viewed that az long as shoaling wavers are
undevgoing refraction, the wave peviod ig conserved. Howevear
from much of the existing labovatory regeavch it ig reported
that even where shove-brealking waves reform, the wave pericad
raemaing conserved, predicated on the mbgarﬁafimn that the
"furdemental' veformed wave %r@sf hags & period equivalent to
the incident shore-breaking wave. v gzome cases, thisz appears

o be a function of problems in smeasuring the reformed wave



characterigtics {(g.g., MoMaiy and Sorensen, 1¥74).

Move definitive results are obhrgevrved in the field., Byrne
(19&4) veports a B0¥ reduction in the reformed wave peviod
Tallowing bar incidence for non-breaking waves. Cavter and
Balsillie (1983 vaepoart that gignificant wave pericd reduction
can ocouy following shoare-breaking over longshore bars.
Sauhavda and Roberts (19277) found that Tthe average wave period
shoveward of reefsy over which breaking occcurved were smaller
v ahoult 50 to 5% than the offzhore wave pericds. Howewver,
the paucity of field data doss not alilow for the development
of a prediction method,

In the extensive laboratory study of Makamura, Shiviasghi
and Yagaki {198da, 1966b) wave periocd attenuwation due to bhreak-
ing way veported. Relationships determined by the author for
the data ... squations (14 and (§7)... can be transformed to
represent conditions at shove~brealking. Where from Alry wave

w2 P, . .
IThaeory Lo o= g T2 53, and dy = .28 HL, equation (11 hecomes:
o b b

2.44

—
-

H b

— tanh 254 7 {RT
" 2
] g 1
for a smoaoth Linear slaope of tan = H,049, and:
$.18
. y
ip Hb & -
= tanh T {38

T

for submevged vectangulay havviers. dhera dbt I B Hb,

equation (38) becomes:



T H
tanh &
T g T

r

1

for longshorve bavs. Ffome field data from Byrne (19&84), Wood
(9970, 19F1), Carvter and Balsillie (1983) and an additional
point caollected by the author, and some laboratory data from
Mason and Keulegan (19442 are plotted in Figure 13 along with
gquations (37 and (32y. It is apparent from the figqure that
seatter in the data iz congiderable, although the data fall
within the snwelope desoribed by squations (37 and (3931, I
view af the problems encounterved in other laboratory studies,
it iz unfortunate that Nakamura, Shiviashi and Yazaki did not
glaborate on their methodisz) of measurement of reformed wave
charactevistics. UWhile additional study on wave peviod trans-

Tormation over har-tvpe features i warvented, equation (E4)

proavides the only existing foramslization presently availtlahle.

Ft teg to be noted, howswver, that equation {(39) does conform to
raported field resuits.
WeeE LEMGETH ATTEMUATION

Available Tield data {Hood, 1970, 1971; Keady and Coleman,
FR80) verifies the gignificant reduction in wave length fol-
Lowing shore-bhreaking over longgshore bars. Az with the wave
pericod, there is insufficient field data on which to bhase a
predictive velationghip. However, wave length attenualion
has received considervable attentiocd in labovatory studies

(Mason and Keulegan, 1944; MNakamuvra, Shiriashi, and Sasaki,

19&6a, 1968k, Equations (8, (122 and (18) have heen fitted
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by the author to experimental dats which vepresent a linear
slope, step slope, and seboevged barviers. Using developments
applied in the previous section, equation 12y, 8y and (183

are transformed to conditions at shore-breaking, to vield:

9214

H

o
A
A3

tanh HH°F =5 {400

fix]
i

i

for a Linear glope of tan ap G.016,

R
LOBRCE

-r . b

tanh 3.39 | = ’ {A4)

i

for a step profile, and:

H

Tanh .95 [ e———

—
3=,
=
il
St

for rectangular subaevged barviers.

Equations (4470, (41) and {42 are platted in Figure 4.
e with the wave peviod, figld data need to be obtained to test
the laboratory derived velationships., In the interim, equation

(42 i the only available predictive relationship.

FOST-BaR BREAKING DISTAMCE HMEASURESR
Details of wave height attenuation following shore-—
hreaking have been investigated for shore-breaking waves on

4

Lineay profiles (Morikawa and Kug, 194886; Kighi and Saszli, 1944

pR4

Howen, Irman and Simmons, 1748; Nakamuva, Shiviashi and fazgki,

43



0.214
L © H
—I = |tanh 805 b2
b gT
0.5 0.38
L Hy
T
— = ltanh 3.39 ——
0.45
0.5

O
Lr = ltann 095 (25

10

0.8

0.6

04

0.2
0;111‘ ' 1 1 ool
0 001 0 o1
Hp_
gT’
Figure 14. Relationships for prediction of the reformed wave Tength, L



TR

{9486a and Singamsetti and Wind, 1988, and on step—~tvpe pro-
Files (Putnam, 194%; Horikawa and Kug, 1%44%; and fawaraagi and
Twata, 1974). However, no such details are available for waves
which shove-break on longshore har~tyvpe features. Neverthe-
less, in the abrgence of detailed regsults, there is a need to
have knowledge of certain poast bar breaking wave transformation
milestones. Oritical milestones are the distance to the bar
trough, and the point of wave reformation.

Tt iz Likely that the digtance to wave rveformation does
nat coincide precisely with the digtance to the maximum depth of
the bar trough, xbt’ measured from the bar-breaking point. In
fact, therve itz no presently available predictive measure of bt
suitable for phototvpe conditions. A number of related
mEarures may, however, be emploved 1o attempet to identfy a

least equivocal distance.

A minimnum measure of might be given by Xig ¢ the

“bt
digtance fram shore-bresking over the bar creszt to the point
where the curl of the plunging wave taouches down onto the water
surface fronting Th@ wave cregst. On a horizontal bed, which

iz approximately applfcahl@ ta bar-breaking, Galvin (19490

suggests:

%td =4 Hb {437
a v

it = 8 Hb (44
where xg s the horizontal distance from shore-breaking to the

end of the splagh point. MWeizhar and Byrne (1978) suggest that

44



the value of Xtd from field data mayv be move nearly given by:
Ryg  F S.6 M $43)

fan average of equations (43) and (4%) vields a *working?® form

af the equation ag:
Xtd = 5 Hb {44}

Sawavagi and Twata (1974) investigated shore-breaking
wave activity on a step—type profile, given by eguations {19)
through 23y, Thesze equations may be aszessed at shove-
hreaking by squating squations (19) and {44), retting up a

proportionality and veadjusting equations (29 through (229

to vield:

»
<
H
i
“
e
U'_
.
e
-3
—

tg mo B3 Hb 48

s
=
~3
—r

where x5 is the distance measured from shore-bresking to the

point where aiv bubbles digappear from the water cmtumﬁ.
Makamura, Shiriaghi and Sasaki (1268%a) found that Ffor

uvii form neavshore slopes less than about 9.02 to 92.903%, the re-

formation digtance measured from the shore-breaking position

may be given by equation (19, Using Komarv and Gasughan's (1972

developsent which velater the ghore-breaking wave height to The.

unrefracted deep water wave height, agiven by

45
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and assuming forced storm wave conditions where according to

Michell {18%3) (Ho lgdhax = 177, then Hg = 1.2 Hp, and squation

{19 becomes:

i

Xp 32 Hy (543

which g clogse to eguation (49,
Where equation (30) mav he rvestated asz:
0.25

Hy = wHy [—= | (52)

a form of eguation (18) accounting for all wave slteepneszrs, mav
e given bhy:

0.25
) r “r &, i ‘—}b
- = e IO A
2

Hg g T

Cat
5
&
S

Fauation (50) or similar forms developed by Munk (1949) ov
Van Dorwn (4978) can be used to transform equations (19) through

(220

e . although reveral problems ococour: i. it iy difficult to
assers the value of the local wave length, L, in equations (19
throuwah (220, d. where it is assumed L, = L, the transformed
gquations vield results less than for other equations developed
in this rgection, and 3. it ix mot known IF Komar and Gaughan's
guuation iz applicable to step-tvpe profiler. That The wvalue

2

af Xp decreases with a decrease in Hbf(g T) does nat, at this

time, appear 1o be prablematic. However, because such trang-

4



formations introduce additional complexities and P@ﬁdiﬁ@'
further investigation, reliance (g5 placed in the more simple
and sltraightforward developmnents.

A set of equations ave now available from which to
"hbyracket® the location of the bar tvough. He know that the
barv trough position gshould be lezs than the reformation dig-
tance, but greater than the distance where the plunging vortex
reaches the bead, i.g., Xp > Xy > ﬁv* In fact, the zplash
distance may be a good mearure of the location of the deepest
pavt aof the bav trough, since it approximates the location
where the turbulence surfaces. While equationg (44) and (48}
are close, theve g a need to account for the additional water
depth charvacterizivg the Llongrshore barv trough movphology. &

propovtionality of existing equationsy vields:

it
e
>4
N
o
i
-
(]
i
St

which s close o phyvsiographically bagsed equation (34),
Eauwation (31) for the digtance to wave r@fmrma%ioﬁ fe 28%
legs than physiographically hared equation (33) for longshore
har crest spacing., This appears to provide corvoborating
avidence, sinc ethe wave veformation distance for multi-barread
nearshoves would be requived to be lesgs than the bav crest
Fpacing. If reformed waves arve primavily regpmﬁgihia for

gecondary longashovre hay formation.

CLOSURE
Hatural Littoral profiles can be defined in terms of

complexity of shape. Jimple geometry may bhe defined by a powuer

=
g



curve function representing & smooth profile shape. Rased on
the work of Dean (1977), thesze profiles are congidered to be
asgaciated with spilling-tvpe gshore-breakersy and represent
Lovg-term, average ngarshore prvofile geometry. The most com-
pleyx gegometry s encountered where the profile iz characterized
bv longshore bavs, which are generated by plunging~type shove-
breakevrs.

The generation of harved profiles s, as one can imagine,
highly comples. In thig work, however, Tthe longshore bav iz
prazent and it's effect on wave reformation, once the waves
have rshove-byvoken on the bhar crest, has been investigated. The
height of the vreformned wave is given by equation {(34), réfO?med
pariad by equation (392, and reformed wave length by equation
(42, In addition, certain post-hav-bveaking critical distance
meEasuves, such az distance to the har ftrough and the point of
wave veformation, ave investigated. Much additional work iz
requirved to quantify the effect of the waves on the structure
saada®a, longshore bav genevation. However, by investigating
the effect of the gstructure own Th@ waves, the "end-uember®

aspect of longgshore bar formation, has bheen addressed.
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